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Distributed Generation Terminology

DG, DER
What is Distributed Generation?

Difference between DG and DER

Microgrids and Power Parks
Are they different?



Distributed Generation Technologies

– Reciprocating Engines
– Combustion Turbines
– Microturbines
– Fuel cells
– Energy Storage
– Photovoltaics
– Wind
– Hybrids
– Others



Outline of Segment

Schematics and functional detail of technologies

Commercial readiness and some manufacturers
Models and sizes

Cost and Performance
FEMP Table



Schematic of Reciprocating Engine
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Commercial Readiness and Manufacturers:
Reciprocating Engines

Fuels: Diesel, Natural Gas and Biogas

Mature commercial technology
Well established worldwide manufacturing/service base

Over 60 GW of installed capacity in the US alone



Manufacturer: Waukesha
Fuel: Natural Gas
RPM: 750 – 1,000
Rating 1,500 – 2,000 kW
Heat Rate: 9,500 – 9,900 btu/kWh
Duty: Continuous



Owner: City of Tucson

Manufacturer: Jenbacher/GE

Fuel: Natural Gas

Rating 1,600 kW

Heat Recovery: 4.3 mmBTU/hr

Duty: Continuous

Application: Cogen/Secure Power

Commissioned:  January, 2003





Schematic of Combustion Turbine
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Manufacturer: General Electric
Model: LM6000
Rating: 42 MW
Heat Rate: 10,000 btu/kWh

Packaged Enclosure for GE 40 MW
Gas Turbine Generator Set





Schematic of Microturbine
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Select Commercial Microturbines

Capstone 30 kW
(First Generation Design)

IR PowerWorks 70 kW

Capstone 30 kW
50 unit farm at Lopez Canyon, LA



Capstone 30 kW
Model C30, Natural Gas, Dual-mode













www.irpowerworks.com



Schematic of a Fuel Cell

A.  Hydrogen gas flows over the anode B. Electrons are stripped from the hydrogen and flow
through the anode to the external circuit

C. Hydrogen ions move through electrolyte to cathode.
Electrons move into cathode from load

Oxygen is introduced to the cathode.
D. Hydrogen ions, electrons, and oxygen 

combine  to form water (steam)



Types of Fuel Cells and Characteristics

PHOSPHORIC ACID
SOLID OXIDE

MOLTEN CARBONATE
PROTON EXCHANGE MEMBRANE



Schematic of a Fuel Cell System
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DoD PAFC Fuel Cell Sites







DoD PEM Fuel Cell Sites



DoD PEM Fuel Cell Performance



Schematic of a PV System
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Lake Mead formed by Hoover Dam 
has an area of 640 km2. The dam 
has a capacity of 2,080 MW. If the 
same area was covered with 15% 
efficient solar modules, the peak 
solar output at noon could be at 
least 60,000 MW!
This includes a large margin for DC-AC inverter 
loss and the spacing between PV array rows



Schematic of a Wind Turbine
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Commercial Readiness and Manufacturers



Schematic of a Battery/Energy Storage System
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Urenco Flywheel System





References and Websites
Combined Heating, Cooling and Power Handbook: Technologies and Applications, by Neil Petchers.  Fairmont Press, 
Inc.;  2003

Small is Profitable – The Hidden Economic Benefits of Making Electrical Resources the Right Size.  By Amory B. Lovins, 
et al.; 2002

Websites:
FEMP Publications:     http://www.eere.energy.gov/femp/information/download_pubs.cfm

Capstone Microturbines:  http://www.microturbine.com/

Ingersoll Rand, PowerWorks Microturbines:  http://www.irpowerworks.com/

United Technologies 200 kW Fuel Cells: http://www.utcfuelcells.com

Anchorage, AK, Postal Facility Fuel Cell Project:   http://www.eere.energy.gov/femp/pdfs/usps_fuel_cells.pdf

DoD PAFC and PEM Projects:  http://www.dodfuelcell.com/

Plug Power 5 kW GenSys PEM Fuel Cells:  http://www.plugpower.com/products/

Public Service Company of New Mexico (PNM) Wind Energy Project: http://www.pnm.com/systems/nmwec.htm

Electricity Storage Association:  http://www.electricitystorage.org/

Caterpillar Flywheel UPS:  http://www.caterpillar.com/industry_solutions/shared/electric_power/cat_UPS/cat_UPS.html

Caterpillar Recip. Engines:  
http://www.caterpillar.com/products/engines_n_power_systems/shared/electric_power/electric_power.html

URENCO Flywheel Systems:  http://www.urenco.com/other_products.htm

Power Quality 2.5 MW/30 sec S and C PureWave System:  http://www.sandc.com/edocs_pdfs/edoc_001731.pdf


